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November 18, 1954 

Professor Joshua Lederberg 
Department of Genetics 
The University of ivisconsin 
Madison 6, Wisconsin 

Dear Joshua: 

We were delighted to hear from you that you will participate 
in the Conference on Ascites Tumors in New York next May 19th and 20th. 
Not only was there no trouble in justifying your appearance, but the meeting 
would have to be considered very incomplete without discussion of our 
general problems by a creative worker in the field of microbiological genetics, 
As you say, some of the parallelisms which have been drawn between 
mammalian tissue genetics and bacterial population problems have been rather 
slopny and far fetched. We are counting on you to dispel the fog. 

It will probably be f&J!? 
JH L somewhere in the program, to draw 

out Lettre/ on the subject of mitochondrlal recombination with granule-free 
cells. Mre have seen considerable evidence in our daily handling of various 
ascites tumors for incorporation of particulate matter by various types of 
ascites cells, but have not done anything about it. Off-hand, I am not 
adverse to accepting Lettre"s story, which however, should be repeated more 
critically. It belongs in the same chapter as nIncnrporation of Chromatin 
Fraction by Cells”. Although, I am disinclined (because of my personal 
experience with rather high-take percentages after inoculation of single 
cells) toward believing with my friends, Paschkis and Cantarow, in trans- 
duction by chrclmatin fraction, I do not feel that George Klein's genetic 
evidence, published in CANCER RESEARCH in 1952, settles the issue entirely. 

Y"J i# b nmLk,f'2 / 
Your idea, suggested to George Kle using a genetic 

dependence or resistance marker in addition to histocompatibility, anpeals 
to me very much, and some one should do this. The other day I leaned over 
backwards to think of all the reasons for continuing with a little further 
work on chromatin fraction, and I put these ideas down rather informally 
for Dr. Paschkis, A copy of this discussion is enclosed. You probably wonIt 
like it. 

Under separate cover two brief items of recent vintage are 
being sent,for your reprint files. 

With sincere good wishes and regards to Mrs. Lederberg, 

Yclurs ever, 

TSH/ems 
Enclosure 

Theodore S. Hauschka 
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Disc.ussion of Klein's results after injection of 
chromatin-fraction of two mouse &mphoms into FI hybrids 

(See Ccsncer Research, ~;$89-590, 1952) 

A. Points in favor of Klein's ar-nt that chrcnztin-fraction was probably 
contminated with 6C3HSD or IDA lympharm cells& 
(1) Rapidity of appearmce of ttuaora (10127 days after inoculation of 

ohrofilatin-fra&ion). khis ti~3 8lment i8 ccmparable with &~3Chkkt~e 
obsemtions after Lp. inoculation of 20-30 6C3IfED OT DEU cel3.s per 
mouse. 

(2) Trarmplantabilit~ of aunora Qnduced~ in F1 3.ntc1 parent type of t-or 
cd&n. 

B. Poir&$ weakening Klein's argument, 
(1) The tulllors which appeared in B1 after the ohrornatin-fraction was injected 

uere (with a single sxoeption) a&l solid 4u~ors, while hausehka obtained 
100% amites pfter inoculation of Z~intaet viable oslls. 

(2) Except;ons are known to the genetAo *ruW that I?1 
only into omparabti Pl hybPid hosts (See Uttle~s 
ths 20th cSnturya). 

0 
(3) Failure to detect intact @ells or intact nuolei in 

C. Infomnation not ineluded in Xleinrs csxper~nW1 sohapas. 

tim m m  $8 transplm tabl6t 
T%vi%W in Tif#rmtioa in 

ehrox3katin-fractbon, 

(1) ihnil.ta after known mall nvlnber of fntaot &nkph~ melba Ss put into 
Fl m iu%r AT% the malting tuaQrs solid or asuites? how raany 0811s are 
nmitxi to products 100% takes Ln Fl tice prith3.n the tinvb Zmits of the 
chrcapntin4Yaction result? Hausohka has found Pl hosti raore resistant 
to low oell dorages than pure C3H or DWt mitm 

(2) Results after tumor chroraatin-fraction is I=t directly into susceptible 
strain in tiich tmor orlgim ted~ iirs the resulting growths solid or 
W ilOit%S? 

D. Klein's experiments, while providiqg atratningly strong genetAo evidence for the 
oontaraination of tumor chronatI.n-fraotion with a few viable cells are not* 
therefore, entirely uoncl?~sive, 

The ssquenoe of events through whioh a normal Fl lymphocyti tight be con- 
verted into a malignant one) which thsn becomes trans@ntable into the parental 
genotype providing the chrosMA.n-fracti.ont inTnrJvesr 

(1) Inoorporation of functional ohroxnatin elexgents into PI &mphcaytgs. 
(Uptake of partj,culate lDateriral w nawialian cells of several Q-pea, both 
in vitro and in vsivo is a weXl-er~F;;tl3.shed phenoraenon. 
St- reoe~ Elts with EhrUoh asoites oells.) 

SW, for instance, 



(2) Change of at least ona cell, but judging from the short latent period 
several normal Fl lymphoc;:tes into neoplaetic elements. This would 
seem to presuppose that th8 maLignant change is Fnkerent in a portion 
of the cicromosomal material of the chro,;isltin-fraction or in a contam- 
inating cjrtoplasm3.c entity. If functional chroAmouom&. element8 are 
involved, it must be assumed mthar that - after getting i&o the 
cell - these specific genetzbc entities are incorl;orated into the nucleus 
and equally distribLlted Wrong daughter cells in subsequent mitoses. 

(3) tiptake of functional lywphosarcorrra chromatin-fraction by norl:kI. F1 
ly~@~ocytesl which have thereby bucaxe noop2aatic, would also have 
to neutralixe the iso-antigenie character of those hisloco:~patibil.ity 
factors which entered into the susceptible F mouse through the non- 
susceptible parent strain, the latter being i OGG refractory to the 
tumor furnishing the chromatin-fraction. Granting the mechmical pre&se 
of chromatin uptake, the possrbility or" antigerAc nodifjcation by specific 
iso-antigenic antities ti the cL~ro:.&in-fraction is compatible with our 
demonstration (Nauschka, T.S., and Lovan, A, Inverse relationship between 
chromoso~;e ploldy and host-a-ecifidty of sixteen transplantable tmors. 
&per, Cell &search, &o&7-467r 1953) of a consistent inter-relationship 
between aneuploidy and-decreased transplantation specificity. incorpora- 
tion of antigen-carrying chroiiiatin-i'saction could conceivably make an 
2'1 lymphocyte Meuijloid with respect to tho specific gene-action wfiich 
controls antlgerlc end-products and, thus, would tend to favor trans- 
plantability beyond the limits of classical genetic exflctation, at 
least into the susceptible parental genotype. 

(&) The following c~tolog,ic data m&y be relevant.here (see kvan, lie) anti 
:iaLscci-:ka, T. E. &clear fragmentation-- a non3al feature of I;:S LAtOtiC 
cycle of lymphosarco.ma cells. tiereditas, 39:237-l@, 19.53)~ AlthoTqh 
nuclear fragmentation &d lobtitlon is a frzuent phenomenon ti some 
BLOUSQ lymphosarcomas, a mect&ism exists i'or the reconstitution of a 
si&l.e normal rnstaphase plate, after the separate :nicronualei have under- 
gtjne synchronous prophases. tnnlp+~3e is nox~~l and telo@-~3a culqlinates 
ap,oin in nuclear lobation and fra~2entatlon. tiitis of chroklatin material 
with functional kinetochores, which m,nage to get into an F ly~qhocyte~ 
might behave like the a:iove nlicronuclei and become pmt ok' $; he functional 
genoi:le of the cell* render;:lg it rr&i.griant and increa3Lng its trans- 
plantation range. 

(i;) tibvioasly, a number of rather 1ei;ored assuzptions are needed to circument 
Klein~s classical genetic argument. It should be remembered, however, 
that histocoinpatibility genetics is no 1onEer the whterti$t aggregate 
of laws it was won t2-;ree dear8 ago. DSficLiltii';s alxI the need I"or nev 
interpretat,on were introd,xed into the field by: 

(a) the iniluence of hsteroploidy on the antigcdc s:wcificity of 
grafts (Hauschka)j 



(b) the F 1 adaptati on ~hsmmmon (Barrett st al,, kmchka); 

(c) the in utero conditioning of tice to Pccegt, in axiult life* 
persiatXkin-grizrts to which th@y are gsr;eticaUy mfract0x-y 
(i3illin&m at 8l.)j 

(d) 8ntiger.ic conditis~tig of non-susceptible hosta by aell-free 
enhancmg substance (Kaliss, Snell et al,). 

It, therefore, appears 4qualI~ prob&le that spw22fic chrmatin-fraction 
might 8~ alter 2'1 c8lls, khat they beccmo genatically co::~~istihle with ti;a 
donor-type of the chrwiatin. 

E. ~gestion for B possibly cwi;cial exper~ent. 

Ctx-itrols cxiLd incl;rdet 


